Background: The management of ampullary lesions has shifted from surgical approach to endoscopic resection. Previous reports were limited by small numbers of patients and short follow-up. The aim of this study is to describe short-and long-term outcomes in a large cohort of patients undergoing endoscopic ampullectomy. Methods: Retrospective study of endoscopic ampullectomies performed at a tertiary center from January 1999 to October 2016. Information recorded includes patient demographics, clinical outcomes, lesion pathology, procedural events, adverse events and follow-up data. Results: Overall, 103 patients underwent endoscopic resection of ampullary tumours (mean age 62.3 ± 14.3 years, 50.5% female, mean lesion size 20.9 mm; 94.9% adenomas, with a majority of lesions exhibiting low-grade dysplasia (72.7%). Complete endoscopic resection was achieved in 82.5% at initial procedure. Final complete endoscopic resection was achieved in all patients with benign pathology on follow-up procedures. Final pathology showed that 11% had previously undiagnosed invasive carcinoma. Delayed postprocedure bleeding occurred in 21.4%, all of which were managed successfully at endoscopy. Acute pancreatitis complicated 15.5% of procedures (mild in 93.8%). Perforation occurred in 5.8%, all treated conservatively except for one patient requiring surgery. Piecemeal resection was associated with significantly higher recurrence compared to en-bloc resection (54.3% versus 26.2%, respectively, P = 0.012). All recurrences were treated endoscopically. Conclusion: Endoscopic ampullectomy appears both safe and effective in managing patients with ampullary tumours in experienced hands. Most adverse events can be managed conservatively. Many patients develop recurrence during long-term follow-up but can be managed endoscopically. Recurrence rates may be reduced by performing initial en-bloc resection.
Tumours of the major duodenal papilla are rare, with an approximate 5% incidence of all gastrointestinal neoplasms, but are being identified more frequently with increasing numbers of endoscopies being performed (1, 2) . There are different types, including adenomas, adenocarcinomas, neuroendocrine tumours, lipomas and hamartomas (3, 4) . Adenomas are most frequently encountered; autopsy series have estimated the prevalence of ampullary adenoma to be 0.04% to 0.12% (5, 6) . Ampullary adenomas may occur sporadically or in the setting of hereditary polyposis syndromes, including familial adenomatous polyposis (FAP). The risk of ampullary adenomas and adenocarcinomas is increased 200-to 300-fold in such genetic polyposis syndromes (3, 7) . Ampullary adenomas seem to follow the adenoma-to-carcinoma sequence in progression, similar to that of colorectal cancer (8, 9) . The incidence of malignant transformation to carcinoma in situ or invasive carcinoma has ranged from 25% to 85% (4, 10) . Furthermore, endoscopic biopsy of ampullary tumours carries a 30% false-negative rate for detecting carcinoma in situ and invasive carcinoma (4, 11) . Thus, complete resection is mandatory at diagnosis to prevent malignant degeneration. Currently, the literature suggests that endoscopic resection (ER) in high volume centers, has similar efficacy compared to surgical ampullectomy with lower morbidity and recurrence rates in selected patients (2, 3, (35) (36) (37) (38) (39) (40) (41) (42) (43) (44) . However, the majority of these studies lack long-term follow-up data. In addition, predictors of adverse events and recurrence have not been assessed previously. In the present study, we review our experience in the management of ER for ampullary tumours in a single Canadian University Centre.
METHODS

Study Design
A retrospective chart review was conducted, for patients undergoing ER for ampullary tumours at The Center for Therapeutic Endoscopy and Endoscopic Oncology, St. Michael's Hospital, University of Toronto, Toronto, Ontario, Canada over a 17-year period (between January 1999 and October 2016). Data collection included patient demographics, clinical, lesion-related and procedural data. The study was approved by the local institutional review board.
Patients
All patients referred for ER of ampullary lesions deemed endoscopically resectable on initial assessment were included. In general, ampullary lesions (regardless of size and laterally spreading [LS] component) confined to the mucosa, with less than 1 cm intraductal growth and no evidence of invasive malignancy on endoscopic assessment (i.e., hard consistency, friable or ulcerative surface and spontaneous bleeding) were deemed suitable for ER (12, 13) . The preprocedural diagnostic tools including abdominal ultrasound, computed tomography scan, magnetic resonance imaging, endoscopic ultrasound and endoscopic retrograde cholangiopancreatography (ERCP) were used to determine the above mentioned criteria. The LS component was defined as any laterally spreading ampullary lesion beyond the ampullary mound.
All patients provided informed consent for the procedure after discussion of the risks and benefits. Patients receiving antiplatelet agents or anticoagulants were advised to stop these medications 3 to 7 days before the procedure as per published guidelines (45) .
Clinical and endoscopic follow-up evaluation was conducted periodically as surveillance for recurrence and long-term complications.
Success was defined as complete resection of the lesion by ER with the absence of endoscopically visible and histologically proven residual lesion during a follow-up period of at least 3 months. The recorded preprocedural, procedural and postprocedural clinical variables are listed in Table 1 .
Procedure
An experienced endoscopist performed all procedures. After an overnight fast, the procedure was performed in the endoscopy unit with fluoroscopy equipment. The majority of the patients (94.6%) received conscious sedation using midazolam and fentanyl, while the remainder received general anaesthesia, principally for patients in whom procedural intolerance was anticipated. All patients were placed in the left lateral position. Gentle probing of the lesion using a standard cannula usually provides an idea of the mobility and firmness of the lesion. Next, cannulation of both the bile and pancreatic ducts was attempted using standard ERCP cannula, and the ducts were partially filled with contrast to confirm the absence of intraductal extension and to define the anatomy for subsequent stent placement. We used standard, medium stiffness, braided polypectomy snares (SnareMaster; Olympus, Tokyo, Japan) 10 and 15 mm, and blended electrosurgical current (Endocut effect 3, VIO 300D; ERBE Elektromedizin, Tubingen, Germany).
For submucosal injection, we use methylene blue and saline using the Carr-Locke injection needle (US Endoscopy, Mentor, OH). In general, we injected the LS component of the lesion only to minimize the risk of perforation. However, we avoided submucosal injection of the actual ampulla since this may result in poor lifting of the center of the ampulla as it is tethered down by the biliary and pancreatic orifices, hence complicating the resection. The LS component was initially removed to isolate the ampullary lesion. The ampullary lesion was then snared from the base, and constant tension was applied to the snare loop during electrosurgery until the lesion was resected. En-bloc ER was attempted when possible, and piecemeal ER was used for LS lesions. Any immediate bleeding was stopped using snare-tip soft coagulation (effect 4, 60W -Vio 300D) or coagulation graspers (Coagrasper; Olympus).
When intraductal involvement was suspected, a small sphincterotomy was performed to expose the distal common bile duct (CBD). Next, an extraction balloon was used to try to evert the intraductal component out of the CBD for snare resection.
Prophylactic pancreatic stent (5Fr/3 cm) placement was attempted in all patients, and placed only if cannulation was successful post-ER. An abdominal x-ray was done at 10 to 14 days post-ER to assess for spontanous expulsion of the pancreatic duct (PD) stent. If the PD stent was still in place, the patient is brought back earlier for endoscopic removal.
Cholangiogram is typically done at the end of the procedure to confirm clear bile duct. Inadequate biliary drainage was defined as lack of spontaneous contrast drainage from the bile duct post-ER. Biliary stents were placed in patients with inadequate biliary drainage after resection to reduce the risk of postprocedural cholangitis. The biliary stent is typically removed during the first follow-up visit at 3 to 6 months.
The specimens were then collected using a Roth Net (US Endoscopy) and submitted for histopathology. Fluoroscopy was used to ensure correct positioning of the stents, and to rule out any extra-luminal air that may suggest perforation. In addition, over the last 4 years, Indomethacin suppository postprocedure was given routinely to all patients (unless contraindicated) for pancreatitis prophylaxis.
All patients were admitted to the hospital for observation, and kept fasting overnight while started on intravenous proton pump inhibitor therapy. Their diet was advanced the next day if no evidence of complications, and discharged once deemed safe.
Follow-up was conducted periodically (initially every 3 months). Suspected adenoma recurrence was treated endoscopically with snare resection or ablative therapy (including snare-tip soft coagulation or hot avulsion using hot biopsy forceps). The adopted endoscopic steps for ampullary tumour ER are summarized in the Figure 1 .
Adverse Events Definition
Intraprocedural bleeding was defined as persistent oozing or spurting bleeding encountered during the procedure that did not stop spontaneously and required endoscopic measures to stop the bleeding. Delayed bleeding was defined as any clinically significant bleed requiring repeat endoscopy, re-hospitalization or an emergency room department visit between days 1 and 14 postprocedure. Perforation was defined as the presence of a transmural defect or radiographic evidence of free retroperitoneal or intraperitoneal air. Recurrence was defined as the presence of endoscopic and histological evidence of adenomatous tissue at the site of the resection during surveillance endoscopy.
Outcomes
The primary outcome measure was the initial success of complete ER of the ampullary lesion. Secondary outcomes included the long-term success of ER, recurrence rates and overall morbidity and mortality of the procedure.
Statistical Analysis
Descriptive statistics were carried out and reported as mean ± standard deviation or percentages. Inferential analyses include between group comparisons for all outcomes using the Chisquare test (or Fisher's Exact Test) and t-test (or nonparametric Wilcoxon rank-sum test), where appropriate. Stepwise multivariable analyses are performed to identify risk factors for adverse events and outcomes. A statistical significance threshold of P < 0.05 is adopted. All analyses are performed using SAS 9.4 (SAS Institute Inc., Cary, NC).
RESULTS
During study period, 103 patients with ampullary lesions underwent ER. All lesions were assessed with imaging and endoscopically before ER and deemed endoscopically resectable. The mean age was 62.3 years (±14.3), 52/103 (50.5%) females. The majority of the patients (85/103, 82.4%) had sporadic ampullary lesions, whereas 18 of 103 (17.6%) had FAP or attenuated FAP. The majority of the patients were symptomatic at presentation (60/103, 58.2%). The most common presenting complaint was abdominal pain (44/103, 42.7%), followed by abnormal liver enzymes (34/103, 33.0%). Mean lesion size was 20.9 mm (range 8 to 60 mm) based on pathological specimen measurement. All patients had at least 1 imaging modality performed before resection (Table 2) .
En-bloc resection was performed in 55 patients (53.4%). A prophylactic pancreatic stent was placed successfully in 93 of 103 (90.1%) of the patients.
Overall, a complete ER of ampullary lesions was achieved in 85 of 103 (82.5%) of the patients during the initial attempt. Among patients with benign lesions, all patients had successful ER during long-term follow-up. All patients who were found to have invasive malignancy (11 patients) were referred for surgical intervention or for palliative care. Patient, lesion and procedure characteristics are shown in Table 2 . 
Pathology
Pre-ER Pathology
Ninety-eight patients had adenomatous lesions, including 75 (72.7%) with low-grade dysplasia (LGD), 21 (20.2%) with high-grade dysplasia (HGD) and 3 (3.0%) with intramucosal carcinoma.
Post-ER Pathology
Ninety-one patients had confirmed adenomatous lesions with LGD confirmed in 46 patients (44.0%), whereas HGD was found in 31 patients (30.0%) and intramucosal carcinoma in 7 patients (7.0%). Furthermore, invasive malignancy was identified in 11 patients (11.0%). The preprocedural and postprocedural pathology results are summarized in Table 3 .
Adverse Events
Delayed Bleeding
The most common adverse event was delayed bleeding (22 patients, 21.4%; Table 4 ). Among these patients, 10 patients (45.5%) required endoscopic intervention to stop the bleeding. Only eight patients (36.4%) required blood transfusions. None required radiological or surgical interventions to stop the bleeding.
Pancreatitis
Acute pancreatitis occurred in 16 patients (15.5%). The majority of the patients had mild acute pancreatitis (93.8%). There was no significant difference in the rate of pancreatitis between patients who had a PD stent (93 patients) and those who did not (10 patients), (16.1% versus 10%, P = 1.00).
Perforation
Retroperitoneal perforation occurred in six patients (5.8%) with only one patient requiring surgery to manage the perforation.
Cholangitis
Overall, four patients (3.9%) had postprocedure cholangitis; all were treated conservatively.
Ampullary Stenosis
During follow-up, 12 patients (15.6%) developed ampullary stenosis which was treated successfully by endoscopic dilation.
Among patients who suffered a complication, the median hospital stay was significantly longer compared to patients with no complications (3 versus 5 days, P < 0.0001; Figure 2 ). There was no procedure-related mortality.
Follow-up
The majority of the patients had at least one follow-up visit (77/103, 75%). The median number of days from the procedure to the first follow-up visit was 127 days (interquartile range 93 to 182). The longest follow-up was 15 years postprocedure.
Among the patients with at least one follow-up visit (77 patients), the majority (47 patients, 61%) had no recurrence and were considered cured from their index procedure. The other 30 patients (39%) had some ampullary lesion recurrence during follow-up. The majority of recurrences were seen during the first follow-up visit (73.3%). All recurrences were treated successfully endoscopically. Of note, some recurrences were only detected during long-term follow-up (Table 5 ). 
En-bloc Versus Piecemeal Resection
Recurrences occurred significantly more frequently if piecemeal resection was used compared to en-bloc resection (54.3% versus 26.2%, respectively, P = 0.0118). There were no differences in complications rate (Table 6 ).
Predictors of Adverse Events
Using univariable and multivariable analyses, the use of antiplatelet or anticoagulant agents, tumour size, number of resection pieces and procedure time were not associated with increased risks of adverse events (Table 7) .
Discussion
Historically, ampullary lesions have been treated surgically using Whipple's procedure or transduodenal ampullectomy (2-4,10,12,13). Pancreatoduodenectomy is associated with a higher morbidity (50% to 60%) and mortality (0% to 9%) compared with transduodenal ampullectomy (morbidity, 14% to 27%; mortality 0% to 4%) (4, 46) . However, recurrence rates are high (30%) with transduodenal excision, requiring close endoscopic surveillance after surgery (47) . Currently, ER of ampullary lesions represents a viable alternative to surgical treatment in selected patients. ER was first reported by Suzuki et al. in 1983 (48) and the first large case series was reported by Binmoeller et al. in 1993 (15) . Since then, many other series have reported success rates for ER ranging from 29% to 100%, with an overall success rate of about 79%.
The recurrence rates of ampullary adenomas after ER range from 0% to 33%, with an overall incidence of about 12%. The overall morbidity rate is about 20% (5% to 56%) with a mortality ranging from 0% to 7% (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) (31) (32) (33) (35) (36) (37) (38) (39) (40) (41) (42) (43) (44) .
The present study reports similar outcomes for ER of ampullary lesions to that of other published studies. The success rates for ER in the long-term were close to 90% in this cohort with the remainder of patients being referred for surgery because of a diagnosed invasive malignancy. The recurrence rates of ampullary tumours after successful ER was 39%, which is higher compared to previously published reports (10) . This is likely related to longer follow-up in our cohort with many patients experiencing delayed recurrence (26.7% of recurrences identified at/after 1 year postindex ER). All these patients were treated successfully endoscopically during follow-up. Therefore, long-term follow-up of patients post-ER is crucial to detect and manage late recurrences. An important finding of this study is the recurrence rate was significantly higher among patients who had piecemeal resection compared to en-bloc resection (54.3% versus 26.2%, P = 0.0118) with similar safety profile. This highlights the importance of achieving en-bloc resection whenever possible to reduce the risk of recurrence.
Another important finding was the postprocedural pathology percentage of invasive cancers (11%) not detected despite careful preresection assessment. These data support the previous observation of a significant false-negative rates of forceps biopsy specimens for detecting both carcinoma in situ and invasive carcinoma (4, 11, 49) . Therefore, complete resection of the tumour is mandatory at diagnosis to confirm diagnosis and prevent malignant degeneration. Even though complications were relatively common, most complications were mild and managed nonsurgically. Our study demonstrates that having any complication post-ER significantly prolongs hospital stay but is unlikely to bear long-term consequences. The most important complications were delayed bleeding (21.4%), pancreatitis (15.5%), perforation (5.8%) and cholangitis (3.9%), which were similar to previously reported morbidity rates in other series (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) (31) (32) (33) (35) (36) (37) (38) (39) (40) (41) (42) (43) (44) . Acute pancreatitis is one of the most common complications after ER. In our study, all but one of the patients developing pancreatitis had received a prophylactic pancreatic duct stent. It is difficult retrospectively to address the exact factors contributing to postampullectomy pancreatitis, including the choice of electrocautery setting or other intraprocedural manipulations. Furthermore, our study was not powered to address benefits of prophylactic pancreatic stent insertion at reducing the risk of postampullectomy pancreatitis. However, a randomized study has previously shown clear benefits attributable to prophylactic pancreatic stent insertion (28) , hence it should be standard of care. In our study, there was no mortality related to the procedure. Death is rare and has been reported in two patients previously (17, 26) .
In the long-term, papillary stenosis was the most frequent complication (15.6%); all were treated successfully by endoscopy. These findings are similar to previous reports (range 0% to 10%) (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) (31) (32) (33) (35) (36) (37) (38) (39) (40) (41) (42) (43) (44) .
The main strengths of our study are the large number of patients included and the long-term follow-up. To our knowledge, this study is the first to confirm that en-bloc resection of ampullary tumours significantly reduces recurrence rates. In addition, we were able to show that a significant number of recurrences are only encountered during long-term follow-up necessitating continued surveillance of such patients.
There were several potential limitations to our study. First, this is a retrospective study, with all its drawbacks including missing data; indeed in 26 patients, the follow-up was not available because they were followed in others centers. Also, due to unavailable information, we were not able to adjust the results according to the presence of a LS component of the ampullary tumour, which may potentially explain the higher recurrence rate with piecemeal resection.
Conclusions
In summary, the present study results confirm the safety and efficacy of ER of ampullary lesions when performed by experienced endoscopists with acceptable morbidity and no mortality. Even though complications are relatively common, they can easily be managed endoscopically. En-bloc resection may significantly reduce recurrence rates. Long-term follow-up is needed as delayed recurrences are common.
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